Unique spectroscopic possibilities open up if a laser beam interacts with relativistic lithium-like ions stored in the heavy ion ring accelerator SIS300 at the future Facility for Antiproton and Ion Research FAIR in Darmstadt, Germany. At a relativistic factor γ = 36 the 2 P 1/2 level can be excited from the 2 S 1/2 ground state for any element with frequency doubled dye-lasers in collinear geometry. Precise transition energy measurements can be performed if the fluorescence photons, boosted in forward direction into the X-ray region, are energetically analyzed with a single crystal monochromator. The hyperfine structure can be investigated at the 2 P 1/2 − 2 S 1/2 transition for all elements and at the 2 P 3/2 − 2 S 1/2 transition for elements with Z ≤ 50. Isotope shifts and nuclear moments can be measured with unprecedented precision, in principle even for only a few stored radioactive species with known nuclear spin. A superior relative line width in the order of 5 · 10 −7 may be feasible after laser cooling, and even polarized external beams may be prepared by optical pumping.
Introduction
The central part of the planned FAIR project in Darmstadt is a heavy ion synchrotron called SIS300 with a magnetic rigidity Bρ = 300 Tm and a circumference of 1,100 m [8] . 1 The magnetic field will be produced by superconducting magnets with a maximum induction of 6 Tesla which can be ramped with a rate of 1 T/s. With this synchrotron bare uranium can be accelerated up to a maximum energy of 34 GeV/u, corresponding to a relativistic factor γ = 1/ 1 − β 2 = 37.5 and a reduced velocity β = v/c = 0.9996444, with c the speed of light. A fascinating possibility of this accelerator is the excitation of few electron systems by the interaction with the light of conventional lasers in a collinear geometry. If the laser beam counter-propagates lithium-like uranium with γ = 36, the laser light at the blue edge of the visible spectral range with an energy of ω L = 3.898 eV is Doppler-shifted and appears in the rest frame of the Li-like system with an energy of ω 0 ∼ = 2γ ω L = 280.6 eV. As will be outlined in more detail in Section 2 this is just the 2 P 1/2 − 2 S 1/2 transition energy in lithium-like uranium. A variety of spectroscopic possibilities exist if this transition can be induced. As will be pointed out in Section 3 the combination with a precise single crystal X-ray spectrometer, which detects the fluorescence photons boosted in forward direction up to an energy of ω X = 2γ ω 0 = 20.2 keV allows both, very accurate measurements of the transition energy ω 0 and of the relativistic factor γ . If radioactive Li-like ions could be injected into the SIS300, a hyperfine spectroscopy would be possible for radioactive species with nuclear spin I > 0, see Section 4. A few remarks on laser cooling will be made in Section 5. In Section 6 the possibility of a nuclear polarization by optical pumping with circularly polarized laser light will briefly be touched on. The paper closes in Section 7 with a conclusion.
The essential ideas of this paper were for the first time presented by the author in the year 2000 at GSI in Darmstadt [1], see also [7] .
The
2 P 1/2,3/2 − 2 S 1/2 transitions in lithium-like uranium
The three electron, lithium-like level scheme of uranium is shown in Fig. 1 . The third electron outside the closed 1s 2 shell is a 2s electron, consequently the ground state is a 2 S 1/2 term. The lowest excited states belong to the 1s 2 2 p configuration and form 2 P 1/2 and 2 P 3/2 terms. The large fine-structure splitting of about 4.3 keV originates from relativistic effects.
A first precision measurement of the 2 P 1/2 − 2 S 1/2 transition energy of (280.59 ± 0.09) eV was reported by Schweppe et al. [16] . The aim of this experiment was to test QED in few electron uranium. In a number of publications by Lindgren et al. [19] , and by Persson et al. [11] calculated (280.52 ± 0.28) eV which was in good agreement with the experiment. In the meantime better experiments by Brandau et al. [5] , who measured (280.516 ± 0.099) eV, and by Beiersdorfer et al. [2] were performed. In the latter reference a value of (280.645 ± 0.015) eV is reported which was obtained with SuperEBIT. The accuracy of previous experiments was improved by nearly one order of magnitude. The best calculation of Yerokhin et al. [18] without second order
